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Abstract: Aromatic and medicinal plants have attracted the scientific interest of 
the food industry, biotechnology, pharmaceutical and cosmetics, since they have 
been used for many purposes as medicinal, flavouring, beverages, fragrances, 
cosmetics and other industrial uses. There is a lot of research evidence 
demonstrated that several factors, mainly the type of storage, the drying process 
and the extraction methods, should be carefully taken into account because they 
can induce partial losses of the bioactive components like volatile fraction, 
antioxidant, or phenolic content in some aromatic and medicinal plants. This 
review paper, aim to present and compare different methods of drying, convection 
oven drying (CD), drying in a vacuum oven (DVO), freeze-drying (FD), 
microwave drying (MD), air drying with the sun exposure (SUD) and without it 
(SHD) and drying at ambient temperature in a dark (DAT), in terms of storage 
process and quality, phenolic content and antioxidant capacity of some aromatic 
and medicinal plants.  
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Post-harvest techniques of medicinal plants have direct impact on 
their quality with respect to colour and their active ingredients. Among the 
various post-harvest methods, drying is the most common and important 
method to preserve the quality of herbs (Gulati et al., 2020). Many low cost 
but valuable medicinal herbs are easily available and are very useful due to 
their nutraceutical properties (Kaur et al., 2019). Optimal combination of 
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dryer design, operational method, energy use and quality maintenance of the 
product requires crucial managerial decisions (Müller, 2007). 
Freshly harvested medicinal plants occupy large volumes and pose 
difficulty in transportation and storage. For handling and storage purposes, 
reducing the water content of freshly harvested medicinal plants is 
imperative (Gião et al., 2013).  
By reducing the water content, the material becomes easier to handle 
and less prone to microbial degradation. The water content is usually 
removed through thermal drying. The methods available for drying 
medicinal plants can be grouped into natural and mechanical drying on the 
basis of heat source or energy utilization (Cai et al., 2004; Tanko et al., 
2005). The Rosmarinus officinalis L. is widely known for its numerous 
applications in the food field but also for the increasing interest in its 
pharmaceutical properties.  In this context (Mulinacci et al., 2011) revealed 
that two groups of compounds are mainly responsible for the biological 
activities of the plant: the volatile fraction and the phenolic constituents. It 
appears evident that if phenolic content evaluated in rosemary leaves, 
several factors, mainly the type of storage, the drying process and the 
extraction methods, should be carefully conducted because they can induce 
partial losses of the antioxidant components, as stated by the same authors. 
The processing applied to plant material, from harvest to packaging, 
influences the antioxidant capacity and the total phenolic content of its 
infusions: typically, a decrease is observed, the magnitude of which depends 
on the plant, information found by (Gião et al., 2013). They also observe 
that the storage affects negatively those two parameters; plant infusions with 
better performance will accordingly be expected if processing extent is 
minimized and long storage is avoided. 
Despite all technical developments, the choice of the correct drying 
temperature remains a central economic and ecological criterion in the 
drying of medicinal plants. In this context, the values recommended in 
literature and those used in practice are often far apart confirming that there 
is an urgent need for research on this topic. Drying is the most common way 
to preserve quality of aromatic and medicinal plants. The choice of the 
optimal drying air temperature is a central economic and ecological 
criterion. Most experimental studies are focus on species with essential oils, 
at the same time it is known that are differences in temperature sensitivity 




Effect of drying method on bioactive compounds  
of some aromatic species 
 
Ding et al. (2012) reported the effect of drying methods (air drying 
(AD), microwave drying (MD), vacuum drying (VD), and freezing drying 
(FD)) on volatiles of Chinese ginger (Zingiber officinale Roscoe) in terms of 
extracted volatiles compounds from fresh ginger pulp and dried ground 
ginger powder with solid-phase microextraction (SPME) and identified by 
gas chromatography–mass spectrometry (GC–MS).  
Kaur et al. (2019) also investigate the effect of vacuum drying on 
nutrient retention of some commonly consumed herbs like fresh herbs (basil 
leaves (Ocimum tenuiflorum), drumstick leaves (Moringa oleifera) and mint 
leaves (Mentha)) and concluded that drying of herbs led to significant 
increase in proximate composition except moisture, in bioactive 
compounds, in mineral content and β-carotene, while a decrease in vitamin 
C and moisture content was also observed. Maximum percent increase of 
phytate content was found in drumstick leaves followed by basil leaves and 
mint leaves after drying. 
The experiments conducted by Orphanides et al. (2013), on 
spearmint showed that all drying methods tested reduce the moisture content 
below 15%, which is the critical factor for the postharvest management of 
herbs. Moreover, the authors suggest that drying of spearmint using 
convection oven and microwave oven gave the lowest phenolic content, in 
sense that, phenolic content was 1891 ± 20 mg GAE/100 g d.s. for MD and 
1976 ± 61 mg GAE/100 g d.s. for CD according to Obied protocol. The 
traditional drying methods produced dried spearmint with higher phenolic 
content (2489 ± 183 and 2829 ± 62) compared to CD and MD, but they 
were inferior compared to FD. The antioxidant assays used are based on 
different mechanisms that measure the antioxidative effect of extracts. In 
particular, DPPH assay is based on the ability of antioxidants to act as 
radical scavengers and FRAP assay measures the ability of antioxidants to 
perform as reducing agents. Both antioxidant assays showed that FD was 
the most effective drying method. FRAP assay classified the drying method 
in the order FD > SUD > SHD > MD = CD, while the classification, based 
on DPPH assay, was slightly changed. Drying with convection oven 
produced dried spearmint with antioxidant activity resembling that obtained 
by drying with traditional methods, was what the authors also pointed out.  
Aldehydes and alkenes play the most important role in ginger aroma 
according to conclusion formulated by (Ding et al., 2012). The volatiles 
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produced by AD at 50 °C, AD at 60 °C, AD at 70 °C, MD, VD and FD were 
dominated by 1,3-cyclohexadiene, 5-(1,5-dimethyl-4-hexenyl)-2-methyl-
,[S-(R*, S*)]-, -farnesene, cyclohexene, 3-(1,5-dimethyl-4-hexenyl)- 6-
methylene-,[S-(R*,S*)]-, 2,6-octadienal, 3,7-dimethyl-,  and benzene, 1-
(1,5-dimethyl-4-hexenyl)-4-methyl-, respectively. The effect of AD, MD, 
VD and FD also resulted in the loss of cyclocompounds, alcohols (2-
heptanol, eucalyptol, isoborneol, and borneol), aldehydes (octanal, 6- 
octenal, 3,7-dimethyl-,(R)-, 6-octen-1-ol, and 3,7-dimethyl- ,(R)), and 
ketones (2-undecanone). Also the conclusion indicate that when the fresh 
ginger was dehydrated by AD, MD, VD and FD the relative contents of 
benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl-, 1,3-cyclohexadiene,5- (1,5-
dimethyl-4-hexenyl)-2-methyl-,[S-(R*,S*)]-˛-farnesene and cyclohexene,3-
(1,5-dimethyl-4-hexenyl)-6- methylene- ,[S-(R*,S*)]- increased and that of 
2,6-octadienal,3,7-dimethyl-,(Z) and 2,6-octadienal,3,7-dimethyl- decreased 
as compared to those in fresh ginger. Was also proved that, as compared to 
other drying methods, FD resulted in higher relative contents of 2,6-
octadienal, 3,7-dimethyl- and benzene, 1-(1,5- dimethyl-4-hexenyl)-4-
methyl- and lower relative contents of 2,6-octadienal,3,7-dimethyl-,(Z) and 
1,3-cyclohexadiene,5- (1,5-dimethyl-4-hexenyl)-2- methyl-,[S-(R*, S*)]-. 
Cluster analysis based on the evidence presented above, indicated that MD 
was the most favourite drying way on ginger, followed by AD at 60 °C, VD 
at 60 °C, FD, and AD at 70 and 50°C. 
The experiments conducted by (Hossain et al., 2010) revealed the 
effect of storage of herbs mentioned in table 2, on fresh samples and every 
15 days until 60 days, in comparison to the dried herbs. They using one of 
the following drying methods: drying at ambient temperature in a dark, 
well-ventilated room for 3 weeks (mean temperature 14 C; mean relative 
humidity 10%); drying in a vacuum oven (Gallenkamp, UK) at 70 C for 16 
h in the vacuum of 600 mbar; freeze-drying in a frozen in time limited 
freeze-drier, model no.A 6/14 at a temperature of 54 C and a pressure of 
0.064 mbar for 72 h. All the dried samples, like the fresh ones, were after 
analysed immediately (day 0), vacuum-packed and kept at 20° C for 
analysing the effect of storage after drying every 15 days until 60 days. The 
film (75 lm thickness) of the vacuum pack pouches (Allfo 
vakuumverpackungen Hans Bresele KG, Germany) were composed of a 
mixture of polyamide (PA) and polyethylene (PE) with an oxygen and 
carbon dioxide permeability rate of 60 cm3 /m2 /24 h/atom and 180 cm3 /m2 
/24 h/atom, respectively (23° C, 75% RH). The water vapour permeability 
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of the film was 2.7 g/m2 /24 h at 23 °C and 85% RH. The range of moisture 
content of the Lamiaceae herbs presented was 71.2–89.6%, with basil 
having the highest and thyme the lowest moisture contents. The values are 
similar with the moisture content of leaves of fresh herbs ranged presented 
by (Kaur et al., 2019) from 73.60-86.44 %. Fresh weights of each of the 
fresh samples were converted into dry weights, on the basis of their 
respective moisture contents and then the dry weight was used for 
calculation of the antioxidant capacity and total phenolic. Among the drying 
methods tested, air-drying was found to be the best method for all the 
samples.  
Table 1.  
Equipment used, drying time and % final moisture content of aromatic plants for 
drying methods 
 Drying method 
Equip
ment 
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* References (Orphanides et al., 2013)-Spearmint (Mentha spicata); ** References 
(Ding at al., 2012) – fresh ginger pulp and dried ground ginger powder 
AD – air drying; CD – convection oven drying; FD – freeze-drying; MD – 
microwave drying; vacuum drying (VD), SUD – air drying with the sun exposure; 
SHD – air drying without the sun exposure 
 
Moreover (Hossain et al., 2010) revealed that efficiencies of the 
drying methods were very similar, as they produced similar dry weights in 
samples after drying. 
 
Table 2. 
Dry weight (%) of of six Lamiaceae herbs after air, freeze and vacuum oven-drying 
Name of the 
herb 
Dry weight (%) 
after air-drying 
Dry weight (%) 
after freeze-
drying 




Sage 16.9 ± 1.01 15.2 ± 0.86 15.8 ± 0.94 
(Hossain et 
al., 2010) 
Rosemary 24.8 ± 0.63 25.8 ± 0.75 24.2 ± 0.56 
Basil 11.0 ± 0.76 11.4 ± 0.67 10.4 ± 0.99 
Marjoram 15.4 ± 1.10 14.8 ± 0.97 14.5 ± 0.87 
Oregano 16.0 ± 0.4 15.5 ± 0.69 14.8 ± 0.36 
Thyme 31.0 ± 0.81 29.2 ± 0.95 29.8 ± 0.92 
DAT- drying at ambient temperature in a dark, well-ventilated room for 3 weeks (mean 
temperature 14 C; mean relative humidity 10%); DVO- drying in a vacuum oven 
(Gallenkamp, UK) at 70 C for 16 h in the vacuum of 600 mbar; freeze-drying in a frozen in 
time limited freeze-drier, model no.A 6/14 at a temperature of 54 C and a pressure of 0.064 
mbar for 72 h. 
 
The effect of air-drying was more pronounced in woody herbs, such 
as thyme and rosemary. Vacuum oven-drying showed a better or similar 
efficiency in extracting antioxidant compounds from Lamiaceae herbs. 
Fresh herbs exhibited the worst performance among the treatments, 
revealing that they were very prone to external (oxidation by atmospheric 
oxygen) and internal (enzymatic) degradation. Storage did not affect the 
phenolic content or antioxidant capacity. The increase of total phenol and 
antioxidant capacity in fresh samples of rosemary, oregano, marjoram, sage 
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and basil from day 0 to day 15 was due to severe chilling injury of the soft 




Vacuum drying methods notify very good retention nutrients in some 
commonly consumed herbs basil leaves drumstick leaves and mint leaves. 
There was no further increase in total phenols or antioxidant capacity of 
fresh samples after day 15 at rosemary, oregano, marjoram, sage, basil and 
thyme, after three drying treatments (air-, freeze- and vacuum oven-drying) 
stored for 60 days at 20 C and compared to fresh samples. Drying effect 
resulted not only in the disappearance of some volatile components but also 
in the appearance of others which were absent in fresh ginger pulp for 
example and present in ginger powder.  
Even if drying air temperatures between 50 and 60°C appear to be 
feasible for drying large number of aromatic and medicinal plants these 
studies show that, in order to highlight certain bioactive compounds, the 
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